PTC cells
In order to obtain the real GENs in normal thyroid cells, early-stage, and late-stage PTC shown in Figures S1-S3, we used system identification and system order detection method prune false-positives of candidate GEN by their corresponding NGS data.
For the protein interactive systematic model of candidate PPIN in candidate GEN, the protein interactions of the sth protein in thyroid cells for sample n are described by the following protein interactive equations: which is used to model the unknown interactions like acetylation, ubiquitination etc.;
vs [n] is the stochastic noise of the sth protein for the sample n, which is due to data noise and model uncertainty; Ss represents the number of proteins interacting with the sth protein; and S represents number of proteins in candidate PPIN; N represents the number of data samples (patients).
For the gene regulatory systematic model of candidate GRN in candidate GENs, the transcriptional regulation of the ith gene of thyroid cells in sample n is given in the following equation: 
where mi[n] denotes the DNA methylation profile of the ith gene for the sample n and we find this range of effect of DNA methylation profile is between 0 and 1; and the range of effect Mi [n] of DNA methylation on target gene i is from 1 to 0.2. The meaning of equation (2) and (3) represents the stochastic noise of the qth target lncRNA for the sample n due to data noise and model uncertainty; γqs is the transcription regulatory ability of the sth TF on binding the qth target lncRNA; ρqt is the transcription regulatory ability of the tth lncRNA on binding the qth target lncRNA; ζqw is the post-transcriptional regulatory ability of the wth miRNA to inhibit the qth target lncRNA; Sq denotes the total number of TFs; Tq denotes the total number of lncRNA bindings to the qth lncRNA; Wq denotes the total number of miRNAs bindings to the qth lncRNA; Q denotes the total number of lncRNAs; N denotes the total number of data samples.
Parameter estimation of the systematic models of candidate GENs via system identification method and system order detection
Before the obtainment of real GENs, we constructed the candidate protein-protein interaction network (PPIN) model (1) and gene, miRNA and lncRNA regulatory network models (2), (4), and (5) in candidate GRN, respectively; we use the system identification method and system order detection scheme to identify the protein interactive parameters αsg, bs in protein-protein interaction model and regulatory parameters βis, τit, δiw, ki, λps, μpt, ψpw, ep, γqs, ρpt, ζqw, fq of gene, miRNA and lncRNA regulatory models by NGS data of each thyroid to prune the false positives of candidate PPINs and GRNs to identify the real GENs of every stage of PTC. In order to identify these interactive and regulatory parameters, we can rewrite equations (1), (2), (4), (5) as the following linear regression forms:
The above regression equations (6), (7), (8), (9) 
which could be simply represented as follows, respectively, , , , 
The constrained least square parameter estimation equations in (22), (23), (24), (25) could guarantee the estimated post-transcriptional regulatory abilities of miRNA on the regulatory genes, lncRNAs and miRNAs are always to be negative. Consequently, we could always use the constrained least square parameter estimation method to obtain protein interactive estimation parameters, 
) log( )
In (26), 
Applying the PNP method to extract core GENs in the real GENs
Real GENs are still very complex. It is still very difficult to investigate the carcinogenic progression mechanisms of different stages of PTC (i.e. from normal stage to early stage and from early stage to late stage). Therefore, we applied the PNP method on the real GRNs to extract the corresponding core GENs in each PTC stage. By the real GENs, the system models of interactions and regulations in PPIN and GRN can be shown in the followings: 
where the sub-network matrix Zpp= 
